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PREFACE

The work described in this report was authorized under
Project No. 10162622A553, CB Defense/General Investigation. This
work was started and completed in June 1992.

The use of trade names or manufacturers' names in this
report does not constitute an official endorsement of any
commercial products. This report may not be cited for purposes
of advertisement.

This report has been approved for release to the
public. Registered users should request additional copies from
the Defense Technical Information Center; unregistered users
should direct such requests to the National Technical Information
Service.
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SIMULANT SELECTION AND ENVIRONMENTAL ASSESSMENT
FOR OPEN-AIR TESTING

1. INTRODUCTION

Scientists and engineers involved in applied research
or development programs related to chemical defense assessment or
materiel design often need to perform open-air testing with
chemical agent simulants. Before conducting open-air testing
activities with simulants, a systematic examination of possible
and probable environmental consequences was prepared, and the
results documented according to applicable federal, state, and
local regulations.)1
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In fulfilling the above mentioned responsibilities,
these mission-oriented scientists and enqincers select the most
appropriate simulant for the particular .pplication at hand.
They also compile relevant quantitative oata on the likely
environmental consequences of using the chosen simulant in a
particular application scenario and certify (through the
Environmental Assessment (EA) documentation process) that no
unfavorable environmental impact is likely to occur.

Simulant selection and environmental impact assessment
are highly specialized areas for which knowledge of past activ-
ities and current data is particularly necessary. Accordingiy,
the Research Directorate at the U.S. Army Chemical Research,
Development and Engineering Center (CRDEC)* has invested
considerable effort over the past 8 to 10 years in developing
basic research data pertinent to simulant selection and
environmental assessment. In addition, this data has been
-atalogued in easily accessible databases to make the basic
research knowledge as available as possible to support specific
developmental activities.

In particular, the Chemical Agent Simulant Data Center
(CASDC.... contains extensive data on the physical and chemical
properties of chemical agent simulants. A short summary of the
CASDC database is given in Appendix A. This database currently
contains information on 694 simulant compounds. The Chemometric
and Biometric Modeling Branch,** Physics Division, periodically
updates the scientific data in CASDC. The database can be
accessed*** via the initial menu (option 2) in the CRDEC Database
Management System (Appendi>' B).

*Now known as the U.S. Army Edgewood Research, Development and
Engineering Center.

**G. Famini, CRDEC, Aberdeen Proving Ground, MD.

***P. Coon, CRDEC, Aberdeen Proving Ground, MD.
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An extensive database covering the environmental fate
and hazards associated with chemical agent simulants is also
available. This database is known as the Chemical Fate and
Effects (CF&E) database" 4 when it is referred to as a component
of the Simulant Program and otherwise as the Environmental Fate
and Effects (EF&I.E) database. A short historl* of the CF&E
database for chemical agent simulants is given in Appendix C.
Currently, information exists for 68 chemicals. The scientific
data is continuously updated by the Environmental Toxicology
Branch,* Toxicology Division. This database can also be accessed
via the initial menu (Option 1) in the CRDEC Database Management
System.**

The extensive database support facilities described
above are of maximum value to overall Army development efforts
only when routinely and systematically used by applied
researchers and development project managers, who expect to
become involved in open-air testing with chemical agent
simulants. The purpose of this paper is to help ensure that the
existence of such support facilities is widely understood by
those who have to choose simulants for open-air testing and who
must prepare the required environmental assessment documentation.
To this end, the paper "walks through" how the databases can be
used to help select a proper simulant and then illustrates via
example the nature of the judgement calls that are made in
analyzing environmental impact. As such, the paper is intended
to be read in conjunction with the overview of Army environmental
compliance regulations described in an earlier publication.'

The following section contains the illustrative
material showing how the two databases can be used for
complimentary analysis. The last section contains conclusions
and recommendations for further work.

2. SIMULANT SELECTION AND ENVIRONMENTAL ASSESSMENT

This section discusses the way in which the CASDC and
the CF&E database can be used together to help choose an
appropriate simulant for a particular application and subse-
quently screen it for potential environmental impact. The
examples follow the methodology used in a document entitled
"Significance of Expected Environmental Protection Trends for
Continued Use of GB, GD, and VX Simulants" (unpublished data,
March 1994).

*R. Wentsel, CRDEC, Aberdeen Proving Ground, MD.

**S. Lawhorne, CRDEC, Aberdeen Proving Ground, MD.
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For the purposes of this report, we will assume that
the chemical agent to be simulated is GB. Using CASDC, it is
possible to produce a list of compounds that have been used to
simulate GB. Such a list is shown in Table 1.

Table 1. GB Simulants

Name CRDEC No. CAS Registry No.

Diethyl Ethylphosphonate 002 78-38-6

1-Bromobutane 007 109-65-9

Diisopropylmethyl-phosphonate 108 1445-75-6

Dimethylmethylphosphonate 116 756-79-6

Dimethylpphosphonate 119 868-85-9

Methylacetoacetate 180 105-45-3

1,2,3-Trichloropropane 221 96-18-4

Diethyl Methylphosphonate 251 683-08-9

Ethyl-2-Hydroxypropionate 252 97-64-3

4,4-Hexadienyl Acetate 264

Chlorobenzene 608 108-90-7

Deciding which simulant is a "best match" to the actual
agent can be determined using the "ratio distance" method
described by R. Crosier. 5 Using this method, the various
properties associated with the simulant (denoted S1) are combined
with the corresponding properties of the actual agent
(denoted A) according to the following formula.

antilog 
log 2

Different kinds of experiments, however, may require a
tighter match to certain properties than others. For example,
experiments emphasizing droplet evaporation and vapor
dissemination might require close matches on volatility and
density, whereas experiments dealing with decontamination and
contact issues might put a premium on surface tension and
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density.5 '-'"- Such sensitivity studies and hierarchial clustering
techniques have been reported in a previously published report."

To illustrate the kind of sensitivity studies that may
be required, we assume that the key properties needed for
matching simulant to agent aie as follows:

0 surface tension, normal boiling point, vapor

pressure, density, volatility, and molecular weight

"* volatility and density only

"* surface tension and density only

Knowing the specific values versus the actual agent
values for the above combination of properties is necessary to
apply the ratio distance formula. These values, which can be
extracted from the CASDC database, are listed in Table 2.

The results of applying the ratio distance metric to
the values shown in Table 2 are displayed in Table 3. As can be
seen from Table 3, the simulants that "best match" the actual
agent vary depending upon which sets of properties are deemed
most important to match. For example, the top three matches
considering surface tension and density only (decontamination or
contact studies) are the compounds CRDEC No. 002, 251, and 108.
For experiments in which volatility and density are relatively
more important, (droplet evaporation and vapor dissemination
studies) the top three matches are CRDEC No. 119, 221, and 252.
These results graphically illustrate the importance of thoroughly
understanding the properties that are most important to simulate
in a particular experimental configuration. Once this is done,
the data in the CASDC database, together with the ratio distance
calculation, can be used to determine a "rank ordered" list of
simulants to be considered for use.

We turn now to the use of the CF&E database to
associate environmental impact data with the simulants that
appear on the rank ordered list from the above mentioned steps.

For example, suppose we were interested in simulants
for the surface tension and density properties (decontamination
and contact studies). Of the simulants displayed in Table 2,
only the following three are currently in the CF&E database:

* CRDEC No. 108, CAS #1445-75-6, Diisopropylmethy-
phosphonate (DIMP)

0 CRDEC No. 116, CAS #756-79-6, Dimethylmethylphospho-

nate (DMMP)

- jRD No. 119, 868-85-9, DimteLhyipilubphoidte (DiHP?)
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The information contained in the CF&E database on each
of these compounds is shown in Appendix D.

In judging the acceptability of using the above
simulants for open-air testing, same assumptions have to be made.
We assume in this paper that documented evidence of mutagenicity,
reproductive effects, tumorigenicity, human exposure criteria,
and ecotoxicity would signal a potential user that difficulties
in securing the appropriate EA approval lie ahead.

For example, consider the first compound listed
above - DIMP. As can be seen from examining the information in
Appendix D, DIMP is not listed in the Toxic Substance Conserva-
tion Act (TSCA) inventory, as a hazardous waste under Resource
Conservation Recovery Act (RCRA), or as a hazardous substance
under Comprehensive Environmental Response, Compensation, and
Liabilities Act (CERCLA) or Federal Water Pollution Control Act
(FWPCA). Diisopropylmethylphosphonate has been found to be
nonmutagenic when administered to mice, rats, and dogs. In
experiments with rats, no teratogenic effects or dose-related
reproduction responses occurred. No information about tumor-
igenicity exists in the database. No threshold limit values for
human exposure criteria have been found. From the above data,
any opponent to a publicly advertised EA notice clearly would
have considerable difficulty in blocking proposed open-air
testing based on documented evidence of mammalian toxicity.

From the standpoint of ecotoxicity, there is evidence
that DIMP can cause gross (transient) phytotoxicity response to
tall fescue and short-needle pine. Diisopropylmethylphosphonate
also can burn the leaf tips of Black Valentine beans and
Whitchita Wheat at aqueous concentration of 10-40 ppm. In
addition, LD50 values of 1500 Ag/g have been established for the
soil/earthworm assay. Thus, depending on the "scale" of the
experiment that a researcher/developer might be planning and the
relative "sensitivity" of the local community, there exists some
grounds for anticipating a possible delay in obtaining EA
approval. Examination of the environmental fate data also
contributes to this concern, because DIMP biodegradation in soil
and water is quite slow and biocentration in some plants has been
demonstrated.

We next consider DMMP. Dimethylmethylphosphonate is
listed in the TSCA inventory but is not listed as a hazardous
waste under RCRA or as a hazardous substance under CERCLA or
FWPCA. In the absence of metabolic activation, DMMP produced no
mutagenic effects to bacteria (salmonella) in Ames tests but was
mutagenic to mouse lymphoma cells. There is also evidence that
DMMP reduces sperm counts, sperm mobility, and fertility for male
rats. The National Toxicology Program (NTP) is currently testing
DMMP for carcinogenic activity. Dimethylmethylphospnonate is not
listed in NTP's latest Annual Report on carcinogens; however,
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data will probably suoport an NTP clar.ification of "reasonably
anticipated to be i. carcinogen" - si,:fficient evidence in animals
and inadequate data in humans. No threshold limit values have
been established for DMMP, although, DMMP is known to cause
irritation to the eyes, skin, and respiratory tract. Also, the
Surgeon General has approved the use of thickened DMMP for use in
field decontamination vulnerability tests. From the above, it is
clear that enough data on unfavorable efforts for non-humans
exists to sustain concerns that might be raised by an EA
opponent. Some evidence also exists for ecotoxicity-bluegills
and fathead minnows. At the least, a potential, researcher/
developer should anticipate delays in obtaining EA approval for
open-air testing with DMMP although "scope and scale" would also
figure significantly into the analysis.

The last compound we consider is DMHP. The TSCA
inventory lists DMHP, but it is neither listed as a hazardous
material by DOT, nor as a hazardous waste under RCRA, or as a
hazardous substance under CERCLA or FWPCA. No information about
mutagenicity or reproductive effects is available in the CF&E
database. The NTP is testing DMHP for carcinogenicity. No
threshold limit values for human exposure to DMHP have been
established. Other than the fact that phosphonates will undergo
photolytic reactions with sunlight to produce orthophosphonates,
which in turn can serve as a sole phosphorous source to aquatic
plants, no issues exist with regard to ecotoxicity. Based on the
above, obtaining EA approval to conduct open-air testing with
DMHP should be relatively straightforward.

The above discussions illustrate that unlike the
"algorithmic nature" of trying to match properties of an agent to
a simulant, deciding whether a particular simulant will easily
pass through the EA process is highly judgmental. The
information contained in the CF&E database is essential for
producing evidence of potential mammalian or ecotoxicity and for
demonstrating that the researcher/developer proposing an open-air
test with simulants has followed the "prudent man" rule by
consulting available data sources, which can be presumed to be
current and scientifically accurate. However, judgments and
interpretations that may be site specific, as well as dependent
upon proposed scope and scale of the experiment, still have to be
rendered. In cases where the researcher/developer is uncertain
about the nature of the decision that can be supported by the
available data, consultation with the Environmental Quality
Office is essential. It may also be advisable to ask for "expert
judgment" after a thorough and systematic preliminary analysis
using the CASDC and the CF&E databases, as well as the EQO file
of previous EAs, has been performed.

14



3. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER WORK

In this paper, the two key U.S. Army Chemical Research,
Development and Engineering Center (CRDEC) databases that have
been examined are Chemical Agent Simulant Data Center (CASDC) and
the Chemical Fate and Effects (CF&E). These databases have been
developed over the last 8 to 10 years that made possible the
systematic use of basic research data to select appropriate
simulants and screen them for environmental impact. Our focus
has been on illustrating how these two databases, which are
accessible via the CRDEC Database Management System, can be used
by an applied research/development project manager who must
choose an appropriate simulant for open-air testing and in
conjunction with the Environmental Quality Office (EQO) gain
timely approval for use of the simulant by following the
Environmental Assessment documentation process.

To illustrate the problem of simulant choice, we chose
a particular agent (GB), accessed via CASDC the set of all
compounds that had been used to simulate GB, and then produced a
set of "rank ordered" lists by applying R. Crosier's "ratio
distance" metric (unpublished data, March 1994). We then
accessed the CF&E database to discover what kinds of information
are available to support "findings of no significant impact
statements" or '"otherwise" in the required Environmental
Assessment (EA) documentation for open-air testing with the
various simulants. Of the eleven simulant compounds in the
CASDC, only three were also cross-referenced in the CF&E
database. Examination of the data for these three simulants
revealed that two simulants would be questionable (one highly so)
for use in open-air testing; whereas, one simulant would probably
be appropriate under most experimental situations. Relatively
more than was the case with simulant selection (via the ratio
distance metric), substantial context-dependent judgment is
required to interpret the implications of the data that is
available for the potential environmental impact of open-air
testing with simulants. Recourse to "expert judgment" may often
be advisable after preliminary analysis, using the above
databases and the EQO's file of previous EA documents, has been
completed. To assist in this access to "experts", CRDEC has
recently formed a Simulant Use Committee (Appendix E). This
committee should provide the beginnings of what may become a much
more automated set of "expert system" capabilities build around
the CASDC and CF&E databases.

With this long-term (and difficult.) goal in mind, there
are several areas where additional research work appears to be
warranted.

The first deals with the addition of a "ratio distance"
ciz " u .tjn clcm..cnt to tho", CASDC. Currcritly, it is -- il to'

use the database screening features in CASDC to list various
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subsets of the 694 compounds in the database and their associated
properties. It would be convenient to be able to then apply a
"ratio distance" calculation to the chosen list of simulants for
a particular agent and a particular set of properties that are
thought to be most appropriate to the experiment being
considered. Such a capability would provide a useful "first
pass" at a "rank-ordered" list and make any subsequent
interactions with the Simulant User Committee more productive.
Refinements on this idea could in time lean to an "expert system"
program that would combine data in CASDC together with a
knowledge base of rules provided by simulant experts and provide
an on-line "simulant choice service" to applied researchers or
development project mangers. Such a capability would be even
more helpful if it could also access the data in CF&E together
with a knowledge base of rules about potential environmental
impact. This latter capability i. likely to be extremely
difficult (if at all possible) as considerable variability in
applications and the context-dependent nature of judgements that
have to be made in the environmental acceptability area.

A second area for further work deals with the
incorporation of the EQO's past files of EA documents into CASDC.
These EA documents offer "precedent" information that can be
helpful to a developer contemplating using certain simulants for
open-air testing. These documents currently exist in "hard copy"
form in the EQO. It would be of considerable value if the key
precedent data in each could be extracted and added to the
simulant records in CASDC. In this way, a developer could
identify at the time of simulant analysis whether an EA had been
filed before, and if so, who the appropriate point of contact for
further information might be.

The last area deals with closing data gaps between
compounds in CASDC and those in CF&E. There are about ten times
as many compounds in CASDC as in CF&E. Given the expense
required to conduct extensive experiments or environmental fate
and effects for simulants, it is unlikely that this gap will be
closed in the near future. Current efforts with finite resources
will continue to follow prioritization schemes such as those
described in8 as well as respond to requirements from multiple
Government customers. Conceivably, software packages are now
becoming available to estimate toxicity values when certain
chemical properties of the simulant are known and could be of
considerable help in closing the data gap between CASDC and CF&E,
as well as responding to "new threats". The TOPKAT system
(conversation with H. Salem, R. Wentsel, and N. Chester, CRDEC,
June 1992) under development by the Toxicology Division is an
example of this emerging set of capabilities as is the software
produced by COMPUDRUG.18 These new capabilities should be given
added emph; sis in future work activities supporting the Simulant
Program.
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APPENDIX A

CRDEC'S SIMULANT PROGRAM

CHEMICAL
C RESEARCH,

R DEVELOPMENT &
ENGINEERING
CENTER

CRDEC'S SIMULANT PROGRAM

March 1W9.

The cost and risk associated with the extensive use of International Simulant Workshop, November 1989,
chemical or biological warfare agents for developing and CRDEC-SP-025, Proceedings of the Fourth
and testing military equipment has led to an International Simulant Workshup, July 1990. The
aggressive application of simulants. Simulants are proceedings of the Fifth and Sixth International
chemicals or chemical substances that mimic one or Workshop are currently in publication. If you desire
more properties of chemical or biological agents. additional information on our simulants program or
Different simulants are often used, depending on the the workshop, please contact George R. Famini at
application, because it is not possible to select a (410) 671-2670 or DSN 584-2670.
compound as a simulant where all properties ,ire
exactly the same as the agent. CRDEC's Simulant Data Center serves as a

repository for simulant information that can be easily
The Simulant Program was created to consolidate retrieved through computer searches. Because it is
simulant information and data, develop a systematic part of the Data Management Office system, the data
approach to selecting simulants, and to establish base is accessible, via CRDEC's Workplace
CRDEC as a focal point for simulant technology. A Automation 'stern, to those with authorized userid
major goal of the program was to collect and collate and password. The data base contains numerical data
data in a systematic and retrievable form so that on chemical and physical properties and textual
subsequent workers can benefit from previous information on the use and application of simulants.
research. By including the rationale for simulant All of the compounds frequently used as simulants
selection, subsequent users should be able to continue are included as well as others that were previously
the line of reasoning or change for their specific considered. Today there are 750 compounds in the
application. The availability of this information data base, and we expect this number to continue to
should minimize the perfunctory adoption of a increase as new information becomes available.
simulant for the wrong purpose. For documentation
on CRDEC's simulant prograr.., refer to Detailed information on the twekmom.
CRDEC-SP-88012, Simulant Program, February Simulant Data Center is available
1988. in the Data Base Users' Guide for

the Chemical Agent Simulant Data
As a way of identifying simuhnt needs and assisting Center (Second Edition),
engineers and scientists to identify those needs, the CRDEC-SP-037. This guide con- ,SM
simulant program sponsors an annual workshop tains discussions of all the data
dealing solely with simulant-related issues. Having items, procedures for conducting searches, and
just completed its sixth year, the International qualifying information. Further information can be
Simulant Workshop is held the first week of March; obtained from the Sirnulant Data Center Manager,
the seventh workshop will be held 2-4 March 1993. Philip A. Coon, (410) 671-3248 or DSN 584-3248.
The proceedings from previous years are documented
in CRDEC-SP-002, Proceedings of the Second
1nn.rnatinnal .imu4 lanr Workshop, December 1988,
CRDEC-SP-O 11, Proceedings of the Third

Approved for public release; dimuibiawn U itnlinaed.
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THE CRDEC SIMULANT PROGRAM

George R. Famini
U.S. Army Chemical Resarch, Development and Engineering Center

Aberdeen Proving Center, MD, 21010 USA

INTRODUCTION

Because of the emphasis on environmental, security and health issues, chemical and
biological agent simulants have become very widely used in the development and tesing of
chemical defense equipment and procedures. In fact, in many cases, only testing involving
simulants can be done. This includes outdoor testing, testing at a non-surety laboratory (such
as a university) are two examples. Although the use of simulants date back some thirty years,
much of the results, selection criteria, etc. remains fragmented and unknown to most DoD
simulant users.

In an effort to rectify this problem, the U.S. Army Chemical Research, Development and
Engineering Center developed a simulant program, responsible for the accumulation and
dissemination of simulant related information. Now in it's eighth year, the program provides
physical and chemical property data on prospective simulants, as well as recommendations on
which simulants might be appropriate for a given experiment.

The Simulant Program was begun in an effort to address four aspects of testing and
experimentation with simulants: a) acting as a central repository for simulant related
information, b) measurement of important physical and chemical proverties, c) development
of physical and chemical property estimation routines, and d) assist the end item developer in
the selecting the appropriate simulant for his/her application.

The Simulant Program is divided into three general areas of concentration; databasing
and modeling, environmental and toxicological properties, and physical and chemical properties.
Each of these areas focuses on a specific area where deficiencies have been identified regarding
information on simulants.

DATABASING

In order for the Simulant Program to be effective in disseminating information in a timely
and efficient manner, it was necessary to compile as much data pertinent to the use of chemical
simulauts and preserve it in a computerize,. database. In this way, information regarding
simulants can be readily retrieved. To date, the Simulant Program manages two databases, the
Chemical Agent Simulant Data Center (CASDC) and the Chemical Fate and Effects Database
(CFED).

"The CASDC project Wc beg,,un when it was re•lized that, ahough there .... l,, of

physical, chemical, toxicological, and application data on chemical agcnt simulants, the data was
located in many different places. As such, selecting the most appriopriate was often "hit or
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miss", depending on the particular source a scientist happened to find. With the greater
constraints on agent testing, and the complete moratorium on outdoor testing of agents, it was
vital that as much information regarding simulants was available to as many people as possible.

The CASDC resides on a DEC Vax 11/785 running the VMS operating system. The
MACCX-II software for Molecular Design, LTD is used to manage the database. MACCS-Il
is specifically designed for chemical databases and provides a graphical interface, structure
visualization, and a "point and click" menu system. MACCS-Il permits, not recall of all stored
information on a particular data record, but also complex searching involving any of the data
fields. Specific numbers can be searched for (for example a compound that boiled at exactly
200C), or ranges can be searched (all compounds can be identified if they boil between 190-210
C). In addition, sequential searching is also possible, where the "hit list" from one search is the
input list for the next search. This allows for searching on multiple properties.

The CASDC is principally used to store and search for physical and chemical property
data on chcmical simulants, In addition, some information on each simulant has been included
on the particular application, toxicity, and whether it was actually used or just recommended or
screened for simulant use. The CASDC currently contains property data on over 700
compounds that have been used, or considered for use as simulants. Table 1 lists the specific
properties that is available in the CASDC.

The CASDC is commonly used in one of two manners. A user who knows which
simulant he/she wishes to utilize in a given experiment may search for the spccific compound,
and extract the physical and chemical properties on that compound. Alternately, a user may
come to the CASDC without any idea of what simulant to use. In this case, the most important
physical or chemical properties will be identified (usually with help from Simulant Program
scientists).

A second database maintained by the Simulant Program is the Chemical Fate and Effects
Database (CFED). The CFED contains fate and effects information and related properties on
(currently) 68 chemical species, including the most commonly used outdoor simulants. The
CFED also resides on the same VAX as the CASDC, but because the need for chemical
s.iuctufe and giraphics was less compared to the textual requirements, is programmed under
RBase.

The CFED

MODELING

Modeling has become an important aspect of the simulants program in two basic areas:
1) development of prediction or estimation models for a variety of physical, chemical, biological
and ther-modymic properties, and 2) use of molecular modeling and computational chemistry in
simulation and simulant selection. Both areas have had a significant and direct impact on the
Simulant Program, and both continue to play importa~nt roles in the selection of simulants.

The estimation and prediction of properties has provided valuable information when
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screening potential new simulants. While it is impossible to measure appropriate properties for
large numbers of chemical compounds, it usually only takes a few minutes to use many of the
estimation methods currently available. Although there are a great deal of routines available in
the literature, because of the unique nature of the compounds of interest to CRDEC, most of the
estimation methods had to be reparameterized or completely redone.

The growth of molecular modeling and computational chemistry has surfaced as an
important aspect of the Simulant Program. Computational chemistry programs are capable of
computing or estimating a variety of physical and chemical properties (described more in depth
in a subsequent paragraph). Molecular modeling capbilities at CRDEC allow one to compute
a number of properties, and permit direct comparisons between the computed properties of the
simulant and the computed properties of the agent.

ENIIRON MENTA L

With increasingly more stringent requirements being placed on the use of chemical agent
simtilants, awareness as to identifying "environmentally safe" simulants has dramatically
increased over the past several years. Because outdoor testing is necessary, and in many cases
cannot be adequately modeled by chamber or laboratory test, making sure there is an adequate
list of approvable outdoor simulants is a major thrust within the Simulant Program.

The evironmental area has been actively involved in using existing state-of-the-art
techniques for measuring the toxicity and environmental damage of simulants. In addition,
research is underway to develop new methodologies that are faster and cheaper than existing
tests, but still provide sufficient information for detailed analysis and determination of the
environmental hazard.

Because of the changing requirements, many simulants in use outdoors today may be
banned from use in the very near future (1-3 years). It is, therefore, paramount that those
suspect simulants be identified, and that research is begun to find adequate replacements for
those simulants.

PHYSICAL AND CHEMICAL PROPERTIES

The proper selection of a chemical (and a biological) agent simulant is an adequate match
of appropriate physical and chemical properties. Without this proper match, an entire
experiment or test could be invalidated and the results meaningless. Knowing the phyical and
chemical properties of the agents and the simulants, then, is a vital aspect of the simulant
selection procedure, and provides the foundation for the CASDC, good sirnulant selection
criteria and methods, etc.

For this reason, thc Simulant Program has an active program to measure a variety of
p../lltff,.'llthf•y - ad chiculll ope•ti.s of •1heu,4i•-, ,gent bimuiants. Aithougi, in principle, the
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physical properties group could be asked to measure any property of a simulant,_the most
commonly asked for properties are vapor pressure-and liquid density.- A,.S -° • -
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CRDEC DATABASE MANAGEIMENT SYSTEM
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APPENDIX C

ENVIRONMENTAL FATE AND EFFECTS DATABASE

Recent emphasis of environienral issues concerning simulants was iTtitiated
in a study led by Capt. Bennett in 1984. This effort reviewed uses of
simulants and the'; selected 25 chemicals where summary data sheets werŽ-
prepared for each chemical. These data sheets listed physical and chemical
parameters as well as toxicological and environmental data. In 198J TA3-1
was started and I went to Mr. Sruempfle with a program to address data gaps
an environmental data for simulants. Initial efforts concerned
environmental fate assessments conducted by Howard et al., 1986 and
environmental hazard ranking of chemical agent simulants by Reinbold et
... 1986, 1987. These efforts provided the information required to plan
and pricritize research efforts in the environmental fate and effects
area.

In . .- 987 the Environmental Fate anid Effects Database was deve loped.
InitLallv it was a combination of the Bennett report and the Howard
report. MJr. Lawhorne directed the application of the user friendly system
and made it available under the Data Management Office system. The
database has concinued to ex•pand from the in.rtial 25 chemicals to 65
cherocials in 1.992. Every year thlv. database is edited with new informati.on
on existing che.icals added a'ad additional d.ato" sheets on new chemicals
c1'vvelcpd. TII-, format of the daabase ana the z efr-iiced. information have
,nade this database ve'.' useful to DoD users.

Contract research efforts were inItiato.d in FY85 and 86. Pacitic
Northwest Laboratory (EN>) was selected to conduct studies on DFP and
DIMP. The data generaced are in,.dicate:: on Figure 1. Syracuse Re.;earco
Corp. (Howacd et al.) genterateo environmei-.tal fate assessments. The Corps
of Engineers Construction Engineering Research Laboratory (CERL' conducted
1esearch on hazard" rnkig and environmental risk •n simulants. Uder
IA3-l r_°esearch was also con-iducted to determine tne transport and microbial
toxicity of C-8 in soil coltumns. In FY87 and 88, PNL continued to conduct
researcn or, selected simulants CEEc.. and BIS. CERL assessed potential
ecological impacts from simulant use through a survey of simulant use at US

Army installations. Inhouse laboratory research was initiated to screen
simulants for their toxicity to plants and earthworms. Dr.W-hite and I
identified addit.ional simul.ants and in FY88 the major Directorates werz-
asked for input. Research was initiaced on the transport of simulants in
soil in FY89 and 90. Scudies continued on screening simulants for
terrestrial. toxic-ty and PNL conducted research on DEM and MS. in FY91 and
92, PN1, focused on environmental fate issues of MS in soil, itlouse

reseaich cýoncerned identification of the toxic component of the PCAS/CADS
training mixtures. Fesearch was initiated to address aquatic toxicity data

gaps using DLbtfnia *g.ia_ and the Microtox sytem.
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COMPOUNDS IN THE FATE & EFFECTS DATABASE

CAS NO. NAME.

1336-21-6 Amrnnium Hydroxide
505-60-2 Bis (2-chloroethyl) sulfide
126-63-6 Bis (2-ethyihexyl) 2-ethyihexyl phosphonate
3658-48-8 EBis (2-ethyihexyl) phosphonate
122-62-3 Bis (2-ethylhexyl) sebacate
109-79-5 n-Butyl mercaptan
26264-06-2 Calcium dodecylbenzene sulfonate
7778-54-3 Calcium hypochlodte
1305-78-8 Ca'cium oxide

Chlorinated lime
2698-41 -1 O-chlo robe nzy lide ne malononitrille
693-07-2 2-Chloroethyl ethyl sulfide
77-92-9 Citric acid (anhydrous)

DIESEL FUELS
DS-2

117-81-7 Di (2-ethylhexyl) phthalate
257-07-8 Dibenz (b~f)(1 .4) oxazepine
141-28-6 Diethyl adipate
762-04-9 Diethyl hydrogen phosphonale
105-53-3 Diethyl maionate
121 -75-5 Diethyl mercaptosuccinate,0,O-dimethyl phosphorodithioate
311 -45-5 Diethyl p-nutrophenyl phosphate
56-38-2 Diethyl p-nitrophenyl thiophosphate
84-66-2 Diethyl phthalate
2050-20-6 Diethyl pimrelate
110-40-7 Diethyl sebacate
123-25-1 Diethyl succinate
111 -40-0 Diethylenetriamine
55-91-4 Diisopropyl fluorophosphate
1445-75-6 Di -supropyi rnfethyiphospihonate
627-93-0 Diim(.thyl adipate
868-85-9 Dirnethyl hydrogen phosphonate
756-79-6 Dimethyl methyiphosphonate
67-68-5 Dimethyl sulfoxide
34590-94-8 Dipropylene glycol monomethyl ether
64-17-5 Ethanol
105-39-5 Ethyl chioroacetate
109-86-4 Ethylene glycol monomethyl ether
50782-69-9 0-ethyl S-(2-diisopropylaminoethyl) methylphosphonothiolate

Improved Chemical-Biological Agent Decontaminant
123-92-2 Isoamyl Acetate
67-63-0 Isopropanol
107-44-8 Isopropyl methylphosphonofluoridate
789-6-S Methyl Phosphonic Ac~id
119-36-8 Methyl salicylate
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127-18-4 Perchlo roethylene
108-95-2 Phenol
96-64-0 Pinacolyl methylphosphonofluoridate
110-89-4 Piperidine
25322-68-3 Polyethylene glycol 200
27306-79-2 Polyoxyethylenated tetradecyl alcohol
763-18-69 Silicon Dioxide
497-19-8 Sodium Carbonate
7681-52-9 Sodium Hypochlorte
127-52-6 Sodium benzenesulfonchloramine
1310-73-2 Sodium hydroxide
7758-29-4 Sodium trpolyphosphate
2551-62-4 Sulfur hexafluoride

Supertropical bleach
134-63-677 Titanium Oxide
126-73-8 Tdbutyl phosphate
122-52-1 Triethyl Phosphite
78-40-0 Triethyl phosphate
512-56-1 Trimethyl phosphate
7646-85-7 Zinc Chloride
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--- -DATA X4"0 !1UE. £UVIR(O3MEN TAL-~E-,ATF-ND- -EFE.T&DATA]3ASEZ____ ___

1445-75-6 DiisoproFyi methylphosphonate C7HI703P - -

I SYNONYMS

* DIISOPROPYL METHANEPHOSPHONATE
DIISOPROPYL METHYLPHOSPHONATE
DIMP
METHANEPHOSPHONIC ACID, DIISOPROPYL ESTERI PHONIC--A-C-h,-TTl PYL METHYL ESTE1R -
PHOSPHONIC ACID, METHYL-, BIS (1-METHYLETHYL) ESTER
PHOSPHOINIC ACID, METHYL-, DIISOPROPYLESTER-

I

Chemical and Phys-cal Properties

:Boiling point ert'apoiated 190.000 "'C 0. 000
P' Boiling point extrapolated 174.000 ý'C 0.000
Boiling point extrapolated 211.000 ',C 0.000

r__Flahpoint 71.000 -C 0.000
'; Molecular weight 180. 190 0. 000

Solubility (water) 1,500 9/l 2=.000 '^C
_ Specific gravity 0 976 n.on0
Vapor pressure 0. 170 mm fig 000 "C
Vapor pressure 0.090 mm Hg . 000 •C

"_Vapor p-essure 0.220 mm Ha 2 57.000 '"C
Volatility 165000.000 mg/m3 25.000 "C

DESCRIPTION

D•MP belongs to g grcup of compounds known as organophosphare=

MILITARY APPLICATIONS -

DIMP has spectral charaf;teristics similar to those of the '-anents;
therefore, it is used in simulations involving general remote
"detection.

"INDUSTRIAL APPLICATIONS

D DIMP has no known industrial application.
I.

ENVIRONMENTAL LAWS AND REGULATIONS

DIMP is not listed in the TSCA inventory. DOT classified the compound

as a combustible liquid (49 CFR3173. 115(b)); it should be handled as
described in 49 CFR 172. 101. DIMP is not listed as a hazardous wasti
__ _ _ __ _ _ _ 39 --__ __ _ __ _ _



under the RCRA or as a tazaydous substance under' the CERCLA or the
__ _ __ _ __ _ __CA_ _ __ _ __ _

TOXIC ITY

M~tageT-iC i tI y DIMP W&S nOn-MLutage i w n d i steT-ed to rnize. rats,

and cg.(101?)

*ReproductiveE'ffeorts: Whe-n rats were given DIMP at dietarg lsvelB of
100-300c)pprn, (109?) no ts-atogeniJc effects or dose-related . epr ouc ion
responses occurred.

*Tumorigenic~Ait: No' j )rmation found.

*Ecoto~xcityw DIMP 'L'' ~he leaf tips of Black Yalentiine Lbcans and
Wh itch ata W- t2u~u cnnTWas fV 4OPPM. 1- en7T
herbicidel tests at Ft. Detrick, DIM? sprau a9PrP11-etions at-

San d pjn ue rcr v& un :o .njru -f fe c
*mornlimi plory, beans,) oetsi and soybeanE: (Reference pg. E-4).
(rross pnF-q'otoxr.ixa ,y responses to c.t ~ re-eRcve and ecr

*p;.ne ha--e been determ-ined fo-r DIMP. Ceor damace occurrec in both

f fe SCUle W2 J . tU rid- t-o b e m trore s us c eptbl1e t o D IMP d a mag 9 a e
* ~ ~ ~ -M -- -y-~~Y ~e~e ~oit 5 t ~ ~ ~ wh------L

W wihirn -1 days 4ndicati`-.j a transient impact in vitro s4
perFo'rmpd ind - that i outea 's affecte but E- 7

rcparaic~n. FL'-tIeP x.+½udi-es show DIMP to inhibit- po~ I
CC-rý a t a. CorTa1 LDzn:O- a luc- cLAIn uý: c LIr Sri 1v U; Ve r V, e

o~~ rf' T? I M

L -F m49 R~~/~ L C-IT- -1 • 4 e

-am n? , il. r L2 f?>-,) f-'

57 my an 0, Li'. w
I4~t

_____und-4lutcd at tile s-4ý ýf

_______d__ I__ a d i: t d ni d t,-'*'
Q g . 24 ~

a- 5i&T maon, '

_____ _____ _ ___24 - 4F, ýrn :2
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AREACTIVITY

Al k -31- a n dA ik.ali rie Ez r h M et a 1: An exotherrmiic reactio~n rnag occur

upo F, it1tals.

C.~ M r.rn Qn 7~ r C.rn r ouLr C i~ e ~ w~e t T I P ~ d a, zd o

<A =fdi tjoný-

Caustics.. U)nder alk~aline conditions, the hydroly'sis of DIM1P Lujeldt
isopropyl alcoho and mýEtal sl ntyposlphonic aci d-.

Epoxides: The relact-inbewn 5T1' a-n-d_ ep 0xdemy pro-duc-a
ha7ardotjs conditionE.

Mineral Acids: Fxcessive strong mineral acids can cause DI)T-1 to

-de -om pvo s e -and - p r ima ri i e-I d -al IWC0H6I-_i -n -m el7( h YI P-h C)_P h6-

*Or g an ic Pe ro x id e s_:T~h~er e is -v ___-t v-- raino-
*reaction between DItIP and organic peroxides. The reaction maQ proci-1e
7hazardous conditions.

*Thxd~q g Aents7 . sexaust-ive-u x 1d a i rf6fDh cni to c

and corrosivF fumes of oxides of phosphorus, sulfur, njtrouen: and

-ax1dizdi i 6drerl A ci r, 5 E o -tiz-n-g -t ci-d c an (I v m&TcT9P
h ±:~c2 e a j oi ýý o f n i t T F n a~c5 s lfu u c. - anrd

7, 7 n .---- - - --I -,! E e -j U C -- t sk

F.tu r.cte W-c w-t F rT, t J. f mn F 4 .. S ý-FP j F)c I~~ JM P to0
7- Ca U CC 1, ig Qu LTF t F, C:0 M L; T- C- ~ipt ýii xl i. c itn n ic

(~:J:D j -P r oU- Fd UC c' GL, r;jrve T V. LCc~t~:m h e M- I z-rv u F e
o~f ýE & Si a "-antentt 1Finýdant. No induvtrial ojr consuina- un~ of

i%` ~'2 v ry. sIow -ate. rIi r ;e . , c, ' t io n i T" w t Er i.S FX ~*t M C'1lj S: 61'sC

C ~~ t' -eb~ 'A t-anJ a -i 1 idiv~c t -1 ý'd rY r -6 _.. 71 jizf i ra -I t
T- T? MC, m v m h ori I,-- sii +o- -!'iP. T~~P c c at i z e tI'.ly 4 r soil

-- r.i ro -i- t -- j. -i-I j - -- - b %r .nim vI t .7 1- i o1 D

*~~;' '452- t,~'r-t bt. 3., Q '1AUS bi-sed on hyjdrox4 1 adc
"-77 Ai--- ýbF-Kzo bIr W i5 ~ -4C-_ CXF 6 ttFý - vfj ý7M,_ý

M J.j7' ii c t e Iv r~ ir. Qrr'oufJwat~er Jjitcne'ijrt:'n n m..2 it -., f- a
L~c br 'Prmon;;i_ý I~ t j? pin c, Lo eh psII ý,n( r

. :7A '-_ýDJRC 7 17,1P -_)nI ý_'Yhi 'r-t- I ýa~i _o e V. V 7, I f!C T a 5
* T 3r? 1, fr 4-i E~,t.j -e j~j1;.' 4 . ,' 0dL;Ctiorn o-` GFL o~~' ca C'.

d it 1vraflcI9ý,'+, t ý uo~ario or us;E. a'q a .'m simulant (~'



TERREFTRIAL FATE. DIMP is mobile in soil as evidenced by its
groundwater migration at the Rocky Mountain Arsenal (152, 153).
O'Donovan and Woodward ,154) also demonstrated that- DIMP is mcbile
under simulated irrigation condItions. DIMP, in spite -f +-!B
relatively high water solubility end low vapor pressure evapJr tes
from soils (119). Evaporation losses tere 19% from a soil bi,: -ter
flask (119), 1 5% from dry soil and 18% from moist soil in 10. 4 days

.(154). IMP applied in irrigation water is Ultimately distributed
throughout the soil profile thus demonstratin, that DIMP moves with
SirrF a Ton wer. Y5iTT---Tife for DIM i qTun¢a has
been estimated at 687 years (66), indicatingj that hydrolysis in so•is
Luwill be an insignificant removal mechanism.

A,QUATIC FATE: Biodegra~atio-i of DIMP in natural wtaters wa- not
observed after a twelve week incubation period (119). Hyd4L.lusis and
photolysis are insignificant removal mechanisms (11R). DiM'P _ii.d nct
biuconcentrate in either ducks or 1(55) or in bluegills (156).

ATMOSPHERIC FATE: DIMP in the atmosphere is estimated to have a
tie " -iife of 3. 0 daus based on oxidation by hydroxyl radicals (12.•6).
it high wlater SOILhility would also sugest that washout Z.? SIMP Will
bE an important orocess

BIODEGRATATION: In aqueous media, DIMP did not biodegrade aster
incubation for I2 weeks in natural water or for 6 weeks with
acclimated soil orpeni sms (119). Additionally, no biodegrad;tion was
observed when DIMP was supplemented with other carbon sources such as
glucose, yeast extract, glucerol, and succinate. In soil, hc!wever,
DIMP was biodearac.c'd :,oii wricr, had brei innocuiated w~trn ac-hJmated
soil mineralized DIMP ai a'i~ rate than unaccjlamatced soi,>__ __ _ __ _ __ _ _ __ __ _,__ _ _ __ __ _ _ _ _ _ _

Howe-'er'. tiods.rý-datio,' r- urc. slouw tthe una-c-C im-a ed .- 1 woLIld
have -efuired mo- . . n .. r =&nd the acciimated soi- rno 7 rhan oreyear -o mineralizs 50" .-.f t' ti• P Dn. Tn-:se rates we-e at -2 :5 at 10C'

C, D7-I P biodegr-? .ri n r. . 1 lmoSt CompleF ely stopped (e d

AiIT.-C DEý.DATICh _sic , &C 10 Ca .. r..- .
4rom iuT'rc-ysy s 5 s•-. n .c. C (Er 6 , weTre aa zc. a-d to be
530 years (T1,) o r' 6 7 L E .r Pe1at "- r,'zs to• nc...•, .uo 1 a . .. .. 'Et' p.'_It '.r .- .,a- w to i2 { usin
tr, j5 war cons5 de .- r tc : c i- -7,950 n--- "a " t .Mr- ETatu r --2
q-ou.•..rii;3-jt,li ! in) -D ._i,= •'• if.-t . _. hm :_ ,.a l_- foun~d tc

bh an rns .gni -f . _ c _ •_e - •: me c i-s m for o D M, . E, DIM-. .. n but.,,
d.'stiiied and r c'.tE ,iL'- ,ir d.er~or.,-l uate. ' , did niot ph.to .': z

_ z. p..: t, u.1.t , h.. . ?0 _., 0, '. hco.." (9 .. 7 T19). -. t. the

-it:,,sphere, DiWrp F,...t2mated t, nave j half-l •ie or 3. 0 day- due to

r D I MP d.i'd t _doatoiontrate ir, the' atdiprocls -J.
._i I.D.CO.! • •N BJ.3g{,L ... DI M?___ id_ T _________.'._____ _._____ r._________. __e__ai____ __f .. ... ..

S p i r, e Ti. .tr ati r_., __ qdr_ - t; w e v r 2 5. T be!- . .carrot w - e r t z r. d
bt ctn p 3.ant i 7 r1w toth rg o w trop W F C n Z 14d and in .soj ' i: e) . i Le rFer•,ith i. .j',.'es o< E• , 1 ,•rn. ha thz (f h h ioh eCt b .oc ncen c. t t. on far 7'r. T

rel:t h e i u h di r opopoc . i r, e iLo.m or the soil. Wh-at leave- SoI I
gr,.m,) ,wr0i, foU:cd to h,),,e o o tretio, aat.Itr of 11. e.

hi.r)e.; C t•Fe p .e r, 5s FjLAovi?. LIr " Op'.I)i uzo to corn Ji:-vfes d)d .

._noo•_ ir. ns ,,'ic-.• .3- .u ,. drI) X ied to su.;ai beet ]eavet'., absor-edi and
tvansiiocated 0.,• ll parts .f th.. p!nt (except t' i•ew, leave. after--72
ro~.r j ~ r) z-a r'_' ' -~p. p io u n f u-i i -r o'rn wa -'.- wh 1.z B
k:ovfi n t I.- lt.e( uj -'v J..' T1 -rli re' '- 'u I in at)sorp i un, t,-3n'. Ioca T i- and-

. of 4r-ii i. . . . .. t. .,ue .24)



SOIL ADSORPTION/MO!3YLITY: DIMP is mobile is soil and groundwater as
evidenced by its detection :n grotn-w--er---s-&-t~e- -o-nirls -

the Rocky Mountain Arsenal ' 152, 153). Some adsorption of DIMP to soil
may occur, however 1 Spa niT g or ýde aT (9, ?-uTndtTFhat aW f e r
32 daus of oper-ation, S7. of the added DIMP remained in the medium of
a soil percolator. Thau speculated that the re-ct-i-on of D-IM
concentration may have teen due to adsorption since no further
decroase in DIMP co'ncentration occured af-ter an additional--8 weeks of
operat ion.

SVOLATILIZATION FROM WATER/SOIL: O'Donovan and Woodward (154) studied
the vo .ati lfhIoz a ~ rPT~ie IPW2 -p fi)f Fb½h-dr y anHdi-t1
soil. DIMP was m.xed with soil in columns 4 inches deep and air

F .....a-i•-r t-T-Waeross 77P--iP-•a ox i 5 u pror x0W•-
days) of treatment, the dry soil retained over 95% of the inatial
-WdTc ivty wnfl.-T;. molst soil retained /6%. in bat-ct- soil
biodegradation tetts perf•rnred by Spanggord et al. (119), i9 , of the

-- Tr-r-•c=rrm volanlized fr-m a soil--biometer T lak during4 w4]ee•s

incubation. When applied tc orn and sugarbeet leaves, 96-7-. of the
-- DI -volaT ii- zed, r e7s4p e-_i- -- 4

WATER CONCENTRATIONS: in 17"74, DIMP concentrations as higrn a 44 ppm

were detected in groundwater near one of the Rocky Mountain A"rsenel-
waste disposal pcrnds (152). Grroundwater concentrations ranced from
this righ concent-ation downr.to the detection limit of 0. 00O ppm .
(152). G-roLndvjaer from Pit 4 of the Rocky Mountain Arsenal

conta:ined 1. 10 p.', DIMP while North Bog surface water contaar,-d from
0.26 to 0.27 p~m 0141? (p1?n. DIMP concentrations in one of tne waste
storage pc.nds (Ba.-r, F- at th Fo:u Mountain Arsenal was -c.-:ud to be
I!-3 pp.. 157". TIE rC'LL'fEIt e n 1982 (15e8), howevc'. -eports
th t t~h- compound ci mtJ ret.u.iphosphonate_(DMMP) may h :v- .een
incorrectly idert t ed DME. Thus, some previous morntc,-ing data

for DINP maV be irn-or7-pt.

EFFLUENTS C0NCENTRION.=-: !AIMP concentrations in brine efU, nt from

"-30.Eli. T-I•.NT/T• / SOI •L CO"_ENTRATCON --- iS I coil ected at th e-P-Ro C-: g -h tei. r-,

A- s~r,ail f'or biodeý.rad•t-or Tud ues contained frmr 1, 1,0 to 2 corn DIMP
er.. ro" om PC -• co.-.,eTn7-.7Ypn -- AI-M(l•t).

2;-.A2. P -ROJUTES 7-'Url iMAP, -EX OSr- .ES :----F r-iiemBt p-f-r o-Wb 1 e r-L;t h LT n -. ..
expc-.src to DIMP -ro,. coneaminated groundwater.
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756-79-6 1) 1 Me3ZJT T2 TFP --pTCRshoa

SYNDNY~MS

DIMETHDXYMETHYLPHOSPHINE OXIDE
DITMETHYL METHANE-PHOSPH")7NATE_______ ___

DIMETHYL METHYLPHDSPHONA^TE - -____ ___

DMMP________ _

METHANEPHOSPHONIC ACID) DT METHYL ESTER
PHOSP-1DNIC ACID, METHYL-, DIMETHYL ESTER

*Chemizcal and Ph,,sjcal Properties

B oiling point 1481. 000 "-C C. 00
--Tens 1 ty 1 5 g /E M,3- ~~ Uuu'
*Dens i -vy 1. 14 5 g/CM3 C.003 ý'-c
*Flach -pointT&T -cup~ 304.-400C)70'

Flash point Pensku-Martins 93.300 `'C 0
To - --- 4 3. -0 : -'-C b70 ---

Fla~h ptcint (cloF~d cvup' 105. 000, "'C . DO______
Melting point c

W-ig - i 2. 09C

Spec:4ic grav ity 1.i 145 7000 '-C
V nor rressure 0. E870, rnrr H q f 001" .*"C

a YP 0r T- C 5 5U-.e 0 0 61Mm Io r000 "
Vap or ;ýr&Etsur'e 1.0010 mm H9 00~
Va pOr spFecific gT -vt 4T76oc

V~Dty1. 610' C~ s000 C
Yc~~~4 DO 0a- M g tu4 00 Mgn3 .

i it ___ 474. 000 m a - :. C000 C

PESCRi1PTION

DVMI rbelangs to &. qrc~up of stable v-aoh~hrT esters a!- -thE

methyllphosphonic aci~d

MILITARY APPLICATIONS ------- ----. ~- -..-.-..-- .

The volatility u-P DHiiF ý-s :nivtoi tha-.t of nianynn-
G -aaer~tz. Eecause- of this. DMPMF thas bep'n used to study

-vulneradhilities of ri:.rjvehicles! s~helte's- protective ma- -k s, and
.t .. ~t.I b' ~U~ UtL*8IJ~hI.L*~I~II~ t~t~fl± =1J ~ U CII UCCIi at rtz,.&,t - ,±J2

*capabilities, and aircraft spray tank dissemination. DMMP 1B used
zommonrly with thick~eners and dyes.

INDUSTRIAL AP'PLICATIONS

- -.Appendix -_ _ __ _ ----.. -- ~ - -



-TT-. f I --me -r t a Tda~rt-a-d-it iYe -and vý-•eco i-t
depessntin resins (e.g., unsaturated poluesters and epaie-). it

*compound is also used a5 a preignition additive for gase-linm, as an

antistatýic agent, and as an additive in solvents and lowteprtr
Thc~rv1f61rd s- (791

EN ROrENA AWEAD~JA IS

DMMP i s i s ted i n th e TECA i nven tory~ ý45)7. -- O -r__ t- -
* the compound as a combu':tible liquid in 49 CFR 173. 115(b), h~andling

Q_ýLidelines are fou~nd in the hazardous materials table
* (49 CF7R 1-72. 101). DMMF is not listed as a hazardous waste unter the

Piu a jiT~T ~;~IW s enc -6F bo Thu c-c--a t iWi Yn7D11DMP -p~i ocTdh6 -

mutagenic effects to bar:teria (Salmonella) in Ames tests (72). but was
Th~7cmod~i1~17mpl c e1s ' th~an d--wI t h-oOl t--me t-ab o I

Rsproductýive Effects: (16.2' D-MMP reduced sperm counts, sr-'-m
Q.~~* _andrfeftij-11t gof i-, I e-- rat =.---Wi-t h an.creams -n c -d oseL- zf -- 1rMP 1 ~

the numtosr Q; prenn-ncies, der-rased, týhL mean litt'er =size de:-e-sed,

-or crict u 7 ENa ; fi on;: I cx i-ologýh'OgT'ra -- 4' Yis I. l
testinc' DtIM P or carcinimgqnic ac:tivitu.

E co c: i t y: TLm7 R6, ri) 571 mrj/1 fo'r bluegills (Lepomxiý
mjcrocý T.LIS ,; 3-t! rnrlrl -F, fatlhsau minnows CPimcphaJle' p7'cm,ý.Las)
(L'Uuc-aLJ Proving C-'nuiL'fl- unipublished dat2).

-Hu-man Exposure C- trla Presently, no TLY-TWA values havz ~o:er
eTtatliF-hed -Por I)!1!1~-. hc- ccompoUr.0 causes irrit-ation of:t.-s Syest
skin, ard respiratory -t-act. An oc~ranophosphc'vcUE CoMpDUný, 'MMP
rppa, en 1u h)a s Il ýttle c~- r., eff -e ct on c n ol i est ra-s~e1- el-va 1

Surf-ace Weapons CEnter's 196L Draft Repot't)(162). The ArmU 5.--jgeorn
Generali tas apprc'-i'a th IEc ned LTID~ P for use in f iI cV6ThwbW=-!am7_n-a-V tio
vulneraoility teý-to aýs -:escr-ibed in reference 163,

Carcinogenisis. Su4ýficiert evidence exists to indicate thar :,MMP
caauseu Tan--ef-h -ioe~f a1YtCb ein- no "evi denlc e -of -__

carcinocenic acti,,'ity in femrale rets or female mice. The st;ucy of
*E' carC3nCenT! ac -viy I. -,-M 3 e mr ue was: Dndq~ 1EcaUlSe *0Thecr~d
survival rate=_. DM!IP ra t listed in NTP's latest Annual -ecort on

;ýc in o cens, " f ~ s p~~iNE~ ~ icI at~i n-
of "reasonablu ariticina.ated to be e carcinoaen." This is. enu,;_-Zv1@nt toa
an Ir - IWi~ f i t i 6f1f2J3 k uf-ec n -___ ____' 'n-
n ia e QLJ St e d at a i n h u ,a rs) (2,2.'.

R o Ute ESFpe Ces __ Do sE. Toxic Eff-ecta (R~ef)
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oral Rt10mkgLUSO 6(326')
(in corn oil)

- Pat 440mg/kg -LbS o 7

Percutaneous Rabbit >40mg/kg LD50 (7P:

7-ab PYt Nnri -(9

R abbit 4 tr exposureTh1 Irirt(W

* REACTIVITY -- __

Alkali and Alkaline Earthý rictals. WhEn DMMP is mixed with trsýse
metals. an exothermic reaction ntau occur._____

Az S33usa~und s DMMP mau react 11-th 2? 'pon oproduce aadu
*Conditions. However, little in-Formation is available on tnies-e
con d itions.-____ _____________

SCa us t Ic S: DIMPF :a slowiu hldc11e ne alkaline condita-na_-. to
produce an alkali .al-if methy'pho)sphonac acid and methyl 'ai1-ohol

* onoidzi9Mirneral A,:ids: The nonr-cridzzing mineral ac-Xe~ can
h tdrolv-ze DNMhP t:_ txtchlI'-, f lammiable meth~i:] alcohcl ( flash p7-1: ii 1 C~
and iE-tt~ylpho~phu-ic ac -di a fýrer o sirc-.nc acid k xc-st ionitzc
coans-Ctant (pkl) 1 . t 2D 2 C (4) S.

Lrg na-, r roxdsc My r. rc D r!Z uwIth" o r raaric: per c, c e r ma L: ate
t~zadou ccnitin-~h~ueer,~it ie :fc-rmaticr is availac_.

0;.i~~ia:- S-g ACrt d'aczv c*ioaion o DM ar :lc c~ and
:., orrt-'E fumes C. )rsI o nn pr:,5r)huros; tn 71-ie tXIC M.

Cxci'r Minra cis E.)ccrtC V. cdiŽ Žnc m-~aa acds 7 : e- 0oM. s.

phosrhnruc cx-:des.

Reducint Agents: ln Ge-era>1 --af'l WA I phoophora;-c-E' are- -eItart
i rc rd cr2g nl ~Mat-er;is euc6! sc ;o il1urn or aIumrr n umr ng air, hveP

li-ttle effect. Sýtronctsr redocir~g dpvntF 6o react. b~t- infcrn-ac.taon, 7S
scant. Art exothermic rc-action nau occur, _especiallu if th=; DM-MP _

contalins7 some water

-Wct-r RczactivssB. DMMP Can! rE-act U~ti watEsr react_-v.c mat-crei~as to
"jeld hL;at alcnc. with to~xic- and/e'r flainnabis gcase:

ENVIRONMENTAL FATE AND EFFECTS,

*ENVIRONMENTAL FAYE/EXPOEUREEUJMMAPY-ENYS' Between 0. 2 and 2r-illion

pounds of DIMP are manuilactured annuallu in the United Sl-tars-z. It is
used at a flame retardant and as a v1iscosity eresn in rs.lyester -

and epcizu resins. A mihitaru use of DMMP is as a simulent
_nnn-pertýis-tant C-earnt5. It is not known how much DMMP entea Ithe _

environment, butý at may be released d-urina its manufacture ncuse.

~Appni D _______ __--- - -- --- I -- ---- -



DMIMP will hydroloze to the half estur and methanol with an e'c-imated
f.alIf -IiPe o f 13. 2 yje a rs a fC7H-11-i Ves in mu~dd y~hwiaefr
7-21,C eays. depending on ths: ir-tial D1MMF cncentration and tne

~~ iMM' -oil ranoe from 02~ ~Tiha
a,.er ace half-Ai~e o; 12 4 _dayvt No infcormation was fournd
volatilization ratee : potiuis, or biodga hn W- t

ARTIFICIALC SOURCES-:AR TS' A total of 200,000O to 2 mill ion trn-:ds of
DMMP Were ManUfa:tL'rpd in I q771 by Mobil Oil Corporation an _ £Zai'ffer
Chemical Company (11. Wewo companies continue týFo T E77 e

*producers of DMMP in th.-e United Stat!ý5(192_). DMtIP is used a flame
et-ar d a nf7 an~i ~i~ sei~1 -a- iu ni t -ni r m e se ver- h -r

fla.me retarda~nts (e.g., Fryol 76, Antiblaze 1T), and as a visr:osity ___

*d e re ssant in po ehr and eo~yrsn 'EY 1t -- use,
*DMMP m-av be used -=s bott n --iscositu. depressant and flame -er=ardant in

th manu1'Facure uŽ- baai 7 LTT anda7 shower stalls ýI663. A mi~iie'ry use
*of DIMMF is as a ý_-mulant of non-P~rsistant- G-agents (11E.).

*TERREEJF'RIAL FATE: DMMP wil'. nud ~olt~ze in moist- soils. A17-o..gh no
YT~5Von wa EJ Ud&: .LL:-Ic ra~i es MOts~ 5

si~milar to those in wat-'r. _Ln environmcrt-al chamber 5tjdjes YXIMP at
*iitial concentrations --n s - i orn 1O I CTu%, -had-hi-~~e from

*0. 2 C- 0 daygs_( 1~) Tre averace hzlf-life was 1-2.4 daus.
Temperatures rang'ed from:r IO-40 C0, wind speedfrm04 ph n th

* silI mu.1's t ur e c o r:ent'- f ro r -5 The transport of degradati.r)- process__
*responsible fCr' tr~e lcsý of DMtIIF to@F not determined.

*AGUATIC' FATE- DMIIIP in at w~il Iiuaro lyze to form th r>'-iser and

h Ig h er t e m p e r atE- -1- a. nd ::'S 21221 a.d u n sp e i: I - a re
et imt Ed t C. 2~ Q e' CT. 2 C and 43. 3 yea7-s a+ 'ýC 7- a studL!

pErformed by the ;,.4.7), D1ImP h-Elf-lives in ': water
ranged from 7-21<. CuEýLu -;h= and -210 daL2 half-livc-:r-sone
to initial DMMIP I cn E nr. 500 a- andIO CiC /I an d te r-a tu r e
of 40 zind 10 C, . e -p*-riF r removal mechanism -Por Dý',!'

1 r s m s -j-r as vc a -. aL)u-c1-p t o r, - Ud r CL:S

0~~~~~ 6 c~ -- a- .zr

I D0T 1 DEGR ADA17N, D"IV w d r o ze to the) hv;f e s E:- F-.i
M Ct h a rC 1I65A 1 %'P B -L C - DM!IF are_ c aIC UIatced t0 L. - years
6a-d 43. 3 yearz at -20 C =anc 1,)2 respectively. _Thpz~e two .>-ie
tuere CiiILculated dat k~.. ~ a collected at 9B, 90, and ~C (2)
The correcspontlrq Tat-'E or a Tc-,e-)for these tr-ee
temp er Eýture s wsrc .9 1 E arO0 t vation enerou -ja- I c? 7

* cal/nolf' and the Ioc A fac-or was 5. 67. The pH, hou vei> L -

unspecified. No :nfýýný7_t-_Tor a rudo DM htlse
I nformnation is, nowevet-_ avai~ait.1e on a similar compou~nC: ::isoprop&.

*methyiphosphonate (E)IMF'> DIMP, in both distilled anc: !oc -urnteip
Arsenal water. did not ncrotclu ie when P ;Dcsed to i aht f15 0mto

23 ours(. as -1) hs photolusisof DMMP may als;5ý be

insignificant. ________

flIOCONCENTRATION; The ~--icit water solubility of DMMP suagest- that ).t
will not bioconcentrate in aquatic organisms.

*01 DORTO/llIL~jIrT: T~he -hi a-h w)a-te-r *o-Iu-b-ilz tu of DrlriF 5 voo ests

--Ape)i 4 - 7 __--.-.---- ..-



7 that it will not sorb to soils or sediments. Therefore, DMMP would be

.V7  -iA7_-LTAh -]DFR 0-J TE[•-!SU I L: the--ow v r pressure El- mm--FT---V
,25 C) (118) and high water solubility of DMMP suggests that it will
n o t re-a-d-izc-i e -r 07 wa t er or i sois----we v-er, DMMP he-ei
detected in the air near a liquid waste pond at concentrations as high

Ias 509,000 fng/m3-C 1)7

ATMOSPHERIC CONCEr:.NIAT127=JN5-.DMrF ambient air concentrations at thr-ee
different locations nea- the edge of a hazardous liquid lagcon were

IO En 3 187) '-C o6nn -t r9t t'--t tnl_ t

approximately one mile From this lagoon were 31 and 20 ngn I

PROBABLE ROUTES OF HUMAN EXPODSURES: Human exposure to DMMP o-obably

,•II occur pramarli- in occujata•inal settings. 5pecif--c--T-, exposure
may occur at DMMP production sites and where DMMP is used a= a flame
i•e t-�iEd�-r•-•n--td7,as a vi s-- - s~ant -n oT•e- en an4f e y resins7
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a6s-85-9 Dime thy I h :drocen pfic-phonaet ý%CH3O)2PiO)H

S YNONYVMS

DIMETtIOXYPHOSPHINE OXIDE

-DIMETHYLHYRGENPHOSPýJITE _ __ .__

DIMETHYL HYDROGEN PHOESP-IONATE
-DIMETHYLPHOSPHITE __________ ___ __

DIMEIHYL PHOSPHOROUS ACI D
DMHP _ _ _ _ _ _ _ ____

PHOSPHONIC ACID, DJr1ETHr'L ESTER
PHOS3PHOROJSACID, DIMEr-iYL. ESTER ________ __

*Chemical and Physical PropretjecS

-Boiling point _____ __171.000 -"C 0.___0

Boiing pvint -72. 500 "C 25. 000 11C
Fl~ash point closes-! cup __95. 000 'C_____~ 000

Melting point 29.000 ý-C . 000
*Molecular weiuht 110.000 J.000
*Octanol/H20 par,". c~ef C1. 49C0 00Q
-sol ubi it (wate-r1  

___ 930 0 mg/i------ 030 -0

9pecific gravity 1.200 00oo 0

Io S C tu y .060 centisto 2 000 _'C
Vo la t iitu 1'0.000 M /22'-n 000 .1C

DtMHF 3- the Chem::aZ01lj -- e~ft:7 L~dimv~ti;;1 ester of phoSph7c':: =c id.

MILITARYAPPL ICA7 TONS_____

DMHF i5 a simulan' used ir stud~in; the spectroscopic beha-%-2.o~- and
ionic rc-actionB aof t~ne ý:hemiicax1 arcert V)....

1NDiJ5TRIAL APPLICAT TOWCS

*DMHF is routinely used in indust-ru asa lubricant additive aný. as an

_ENV1RQNT1ENTAL LAWS- AND REGULATIONS________

I org s(45)__t --t- The coMppound_ is not listed
as. a haizardous mat-erial bu DOT, as a hazardous waste under the RCRA,

-- Appendix-- __A9---- _ ____



. or as a hazardous substance under the CERCLA or the FWPCA.

TOXICTTY

mI Mutagenicit:.. No infor'mation found.

Reproductive Effects: Nlo informaation found.

Tumorigenicity: As of January 1983, (45) DMHP is being tested by the
National Toxicology Program for carcinogenicity.

Ecotoxicity: Phosphonates will, undergo photolytic reactions with
sunlight to produce orthiophosphates. The orthorhosphates can serve as
a sole phosphorus source to aquatic F.lants. (•3)

Human Exposure Criteria: Presently, no TLV-TWA values have been
e.Ftablished for DrMHP,

Route Species Dose Toxic Effects (Fef)

Oral Rat .2•0 mg/kg LD50 (457'

-- Eu e ___-,--__-_-7 2-¥ •-Ye--• -- t• T6- -4

* i i n Rat. -r0 -r-,.,-'+ Yrs.'IU erete lrrita-lcn -45)

REACTI Y TY

A.kal_ an Alka ne_ . Ear t--l ' _ Te-,....ese metals may repia_ ..e
r, ho _rorus-bonr,de hud7-ou-r c. DtIHP to Jie Id hudro, gen a a ' n c lu
-?lamm ..'e and ex'1o~i 'e': anc the mete! derivative of the di - _er.(4 )

Azo Ccm-ounds: L ;nuc'mction ,as zvE.ilablt accorinrc -:
reference 26i hou.e'vc-r, :t ia possible that reactions between 6zo
_-ompou(7s and DM-; mau t.roducc hazardouLs conditions.

Caustics Under alI:a-ir, curnc.--•on s DMHP undergoes hydr i,.--s t--
d methyl mlc.wl s ne-a6 acids below) and the core.r.ondin

salt of phospnonic acid Also, some heat may be produced.

poides: Mi.inc, ihe.ce materýals w Lth DMa]miy produce hazardous
*conditions.

Mineral Acids: DMHP ma,:t be hudr0olyzed by strong mineral acids to
y ielr meF-• Ta no. or, o n.g-T-u--,izh-7 d &s .- Tlas F-p--ain ...ii-i • --Ts-d ... ......

phosphoric (phosplorous' acid.

Or-;znic Peroxides: Reaction be'ween these peroxides and DrMHP may
*L7'L-Mtt iiL;Zdr-Uuuý .UTIOiu l~ull-..

Oxidiziing Agents: Along with heat, exhaustive oxidation oý D--",iHF mau

yield toxic and crrrosive fumes containing oxides of phosphc. rus0
svlfur, and nitrogen.

Oxidzinc Mineral Acids: The reaction between DMHP and oxidizing acids

S_ Appendix D 50



riay yield heat and toxic fumes containing oxides of nitrogen~,

R(ed ucai I TI 5s: bee A~T~a4.a and Aikaline tarth Mietalis above.

WtR Ytiis7n ~ ~1tYf~t~5 oi ~a n / r 1 Iarmm a bVl eq a ~is-ýucfh__A s
hydrogen? (463) DMHP may react with these materials to produce heat.

ENVIRONMENTAL FATE- AND EFFECTS

ENVIRONMENTAL FATE/EXPOTURE SUMMARY: Dimethyl hydrogen ph-.)=sph'onate is
i1~ bgnlrcantqua-nti i-e-san-d is use-d sf merTint

and chemical intermediate, and in lubricant additives and adhesives.
It is nct known how (TIucr is released into theenvironmenT . so -1T_'
D11HP will probably hydrolyze and leach into groundwater (whers: it will
completely hydrolUze); it will not volalit_3ize signi~i`c~anfF17_T.n__ _
water, DMHP will hqdrcltze but will not evaporate readily nor sorb to
sediments or biota. not i; knon
may photodegrade since diethyl hydrogen phosphonate appears t be

*photosensitive, The fae of DMHP in air is not knowini althour:7
photolysis may occur.

ARTIFICIAL SOURCEES: DM.-ýP iEs used as a flame retardant in tex ti les
(1, 61-) a nd a s a c h ým~ical- _intý e-rmnE;d~i at'e-, lurca n~t addCitiTvYe, i n

*adhesives (61?). it is ujsed bu the military as a simulant 4ocr the
spectroscopic behavior *3nd ionic reactions of the hmcias.V

TERRESTFIAL FA-TE- DMH -w1 hydrclvze in mcist soils. A1 -rg h n o
~f --1 ` car b ee- r +,6§h c -so i I mrtr ix I t h e1hLid r C h ru Id

ue at least a=- f~t_1 as, :,r. watEr. DMHP will leach etni~u
-~~~~~ -i tr sa'~ -b~r It Id drolyze

S 1 _ "s hg6rn_1!=i.S appears to be one to two w~i i2

4~A,3A C' FATE: D~ý-' r+c o water wLui'1 hydroluze with l-if
E~c g F-~ 12 onr_0 r- ?speCd

t h!e h udr o Iy 2S; C hce thy' h-omDlTc:-ue of DMHP h as beC-- sported
t c phc. tc. 1LZ e '13f- '_nd 3.7 ,Ing th at fln'HF may a p lz e h--,w =_v sr,
-)o ratE- car be Et-irno-td i-cr either compound (134). DMHP i Jl not
sorb to 5ediments or b~t n 'teOr nIO VOlat-ihztlon w.loccur.

airi however, no enviro-.mertallu sionificant. rates can be e=simated
from theiir data ilf344y

ABIOTIC DEGRADAT-ION: D.)1HP will hydrolyze enwtr p~H unzne::fed

with a 1half-life co1P 10 Caus at- 25 C and 1ý? days at 20 C (12121'. Th is
Is base'd on kine-l.ic C~at'ý bt-ained a+7 Fihrt T07&O~
determl-ine an actý-Yatiuom enerpy -(E) of 22_r; (Kcal/mole) and a
preeXPonential cclfýiEcIent (.A! xi i.b (+lU) where K=exý
Hydroiysi5 apPES7- to be fester in base, although reports conflict as

~nHow. uh~b~hir ~~c ~ __ WW- rsne
data for base hydrolysis that predicted a half-life on the Order of

*several days woulo be xet b P d nvr mea iIjtos
*.(pH 7, Bee Reference 121) while another suy(132fpeetddt

that pre-dic ed a Fa~it--l.1-s of-73-iln. under environmentalif~s
Ahomologue of DMHP haB been. reported to photOli ze indicatiro the DMHP

*may also1 a tHo6uc7Fn rate 3

AppendiX D 51



flIOCONGENTRATION: The low octanol/water partition coefficient

-sug~ests that DMHP will not bioconcentrate in-aquatic organisms.

SOIL ADSORPTION/M't.13IL7TY-: the low octanol/water partitiaon r-o=fificient

suggests that DMHP will not sorb to soils or sedimets and, thýerefoIe
would be expected to leach through soil, possibj_lureaching rc~undwater

if complete hydrolysis did rnot occur first.

IVOLATILIZATIO4J FROM WATER/SOIL: The vapor pressure (1. 5 mm m-j at 20I
1C), ability to hydrogen bond.. and the -high~ water solubilitý. suggests __

that DIIHP will not volarilize ro~m-waier or soils readilej.

PRTMERT =-HMNEPC),,-PS---- a -e xpoasu-r e a pp ear s
be from its use as a flame retardant in textiles,
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SIMULANT ADVISORY COMMITTEE
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